Introduction
Additional sustainable agriculture research and adoption is needed in the U.S. to address persistent challenges that threaten farms, farmers, rural communities, and public health and ecosystem services, including air quality, water supply, and biodiversity (Foley et al., 2011; Nelson et al., 2018) . The urgency to transition to a system with greater sustainability has accelerated, as evidence shows that climate change, particularly shifts to more extreme and more variable rainfall, is already exacerbating consequences of practices that lead to soil erosion, water pollution, and risks of flooding and drought (U.S. Global Change Research Program, 2018) . Sustainable agriculture, as defined by the U.S. Department of Agriculture (USDA), should reduce such undesirable outcomes through a system that will broadly "satisfy human food and fiber needs; enhance environmental quality and the natural resource base upon which the agriculture economy depends; make the most efficient use of nonrenewable resources and on-farm resources and integrate, where appropriate, natural biological cycles and controls; sustain the economic viability of farm operations; and enhance the quality of life for farmers and society as a whole" (National Agricultural Research, Extension, and Technical Policy Act, 1997, p. 9) .
The field of agroecology has recently been attracting growing attention for its valuable approaches toward developing more sustainable agriculture (High Level Panel of Experts on Food Security and Nutrition [HLPE], 2019) . While agroecology has in some contexts been understood to be most relevant to crop production and practices at the farm scale, it has increasingly been interpreted as also encompassing environmental, social, economic, ethical, and community development issues (Wezel et al., 2009) . As this field has evolved and varied, it has been interpreted as referring to a scientific discipline, an agricultural practice, and/or a social movement (Montenegro de Wit & Iles, 2016; Wezel et al., 2009) . In this study, we focus on the scientific discipline of agroecology, asserting that it entails a systems-based integration of ecological concepts with agricultural practices, while also recognizing that it can be understood as drawing on both the biophysical and social sciences (DeLonge & Basche, 2017; Gliessman, 2015) .
As a scientific discipline, agroecology has recently shown that practices such as diversifying farms and rotating crops can deliver positive environmental outcomes at a variety of scales and levels, building soil health locally and protecting water resources more broadly, while maintaining profitable and resilient farms (DeLonge & Basche, 2017; Gliessman, 2015) . For example, a growing body of research has demonstrated measurable improvements in ecosystem services across a range of climates, geographic regions, and agricultural conditions (Altieri, Nicholls, Henao, & Lana, 2015; Hunt, Hill, & Liebman, 2017; Isbell et al., 2017; Ponisio et al., 2014; Schulte et al., 2017) . Furthermore, agroecology's status not only as a science but also as practice and a movement may uniquely position it to transform food and farming systems (Montenegro de Wit & Iles, 2016; Cacho et al., 2018; Duru, Therond, & Fares, 2015) . Agroecology could play a significant role in ensuring that agricultural and food systems can meet both production and broader sustainability goals (HLPE, 2019; Hunter, Smith, Schipanski, Atwood, & Mortensen, 2017) . It has been proposed that a supportive policy environment, informed by agroecological research from field to ecosystem scales, could accelerate a transition to a more sustainable agricultural landscape (DeLonge, Miles, & Carlisle, 2016; Miles, DeLonge, & Carlisle, 2017) .
As evidence of the potential benefits of agroecology has emerged, more international organizations and institutions have expressed interest in advancing the field, such as the United Nations (Food and Agriculture Organization of the United Nations [FAO] , 2018), the International Panel of Experts on Sustainable Food Systems (Frison, 2016) , and the government of France (Gonzalez, Thomas, & Chang, 2018) . In the U.S., organizations that include leading scientific societies, public university coalitions, and nonprofit organizations have also begun to acknowledge the interest in agroecology and its potential to solve intercon- 2016) . Interest in agroecology and related disciplines has expanded beyond agricultural sciences to entities such as the National Academies of Sciences, Engineering, and Medicine (2019), which have recognized that systems science, transdisciplinary research, and community partnerships are critical to the future of agriculture and the sustainability of our environment.
Research and practice in these disciplines remain relatively rare, however, possibly due to numerous obstacles. The historic underinvestment in agroecology as compared to conventional agriculture may explain a slower pace of research and development improvements (DeLonge et al., 2016; Pimbert & Moeller, 2018) , initiating a feedback cycle in which limited investment leads to slower improvements, contributing to less likelihood of attracting future investment, and so on (Miles et al., 2017) . In the U.S., shortage of funding for agroecology has been exacerbated by reduced rates of public investment in agricultural research and development overall at both the federal and state levels, particularly relative to private investment (Pardey, Chan-Kang, Beddow, & Dehmer, 2015) .
In addition to difficulties associated with funding, identified obstacles to agroecology research and development include insufficient supporting infrastructure and related cultural obstacles such as siloed departments, programs, and institutions; lack of suitable equipment and technology across the supply chain; and inadequate incentives for complex, collaborative research (Basche et al., 2014; DeLonge & Basche, 2017; Duru et al., 2015) . Agroecology research requires training in interdisciplinary, systems-science approaches, which are relatively rare and difficult to pursue at U.S. research institutions (DeLonge & Basche, 2017) . Other obstacles for advancing agroecology may include institutional practices and norms that fail to support independent science, such as discouraging scientists from communicating their findings to policymakers and shifting resources from work viewed as politically contentious. Recent studies have provided some evidence that such institutional constraints may exist at the USDA (Carter, Goldman, & Johnson, 2018 ; USDA Office of Inspector General [USDA OIG], 2018), the primary source for public agricultural research funding in the U.S. However, little attention has been paid to whether such constraints exist at other institutions, such as colleges and universities. Based on the responses in our survey, we found that, collectively, obstacles that are financial, institutional, and cultural threaten to limit the expansion of agroecological science and practices.
Considering the expanding interest in but limited adoption of sustainable agriculture and agroecology research and practice, the goal of this study was to gain a better understanding of opportunities and barriers surrounding these fields in the U.S. We focused on the scientific community, because research, education, and extension critically affect the array of practices and tools available for farmers and ranchers (Miles et al., 2017) . Obstacles within the research community may signify, aggravate, or even produce additional obstacles for agricultural operations and development. Alternatively, investment in the research community could lead to new tools, techniques, and trainings, with benefits for farmers, ranchers, and the public.
Applied Research Methods

Survey Development and Distribution
To gain a better understanding of potential opportunities and obstacles for sustainable agriculture and agroecology, we distributed an online survey to researchers and other professionals with advanced degrees (master or doctorate) who have academic or professional experience in fields related to sustainable agriculture (Appendix). The survey was administered through the SurveyMonkey platform (SurveyMonkey, 2018), using a private passwordprotected account. Incomplete responses were collected and saved by SurveyMonkey after the completion of each survey section, but no personally identifying information (including IP addresses) was collected; thus, the study authors could not resend the link to encourage respondents to complete the survey. Responses were stored on Survey-Monkey before being downloaded to a passwordprotected server.
The 28-question survey contained both multiple-choice and open-ended questions regarding respondent experiences with sustainable agriculture and agroecology, including issues related to funding, institutional support, and collegial support and collaboration opportunities. Further demographic questions assessed career stage, geographic region, and institutional affiliation. Most multiplechoice questions were based on a 5-point Likert scale. All responses were voluntary.
The survey was peer-reviewed by four experts as part of the internal development process. The survey was then submitted to Western IRB, an independent company accredited to perform institutional review board (IRB) services and was approved for an exemption from IRB review (WIRB Work Order #1-1000684-1). The study team circulated the survey broadly, using active email listservs with interests pertaining to sustainable agriculture and agroecology, 1 as well as to the Union of Concerned Scientists Science Network members with relevant expertise in agricultural or environmental science. (The Science Network is a network of more than 20,000 individuals with advanced degrees in a diverse range of scientific fields.) We used a snowball recruiting method in which respondents were encouraged to share the survey with other interested and qualified individuals in their professional networks (Heckathorn, 2011) . Recruiting emails were first distributed in March 2017. Follow-up requests were sent once to each listserv in mid-April 2017. The survey was closed at the end of April 2017.
Data Analysis
The original data were downloaded from the SurveyMonkey platform and exported to Microsoft Excel. The data were analyzed using Microsoft Excel and the R software platform (R Core Team, 2014). We evaluated survey results overall, as well as in subgroups for earlier and later career stages. Respondents varied widely in the number of years they have been working in the field, with several respondents identifying in each of the ranges provided in the survey. We analyzed data in this paper using two large groups derived from these ranges: 0 to 10 years (earlier career stage) and 11 or more years (later career stage). These groups capture earlier-and later-career stages, while also representing a relatively balanced number of respondents. We also explored evaluating differences among other subgroups, including region and institution types. However, sample sizes for such groups were not large enough to adequately measure statistical significance.
For questions that included a 5-point Likert scale, 5 represented for respondents the most agreement, satisfaction, or importance, and 1 represented the least agreement, satisfaction, or importance. From these values, we calculated the mean and standard errors of responses. We tested for statistical differences between groups using paired two-sided t-tests in R statistical software.
Responses to open-ended questions were evaluated qualitatively by a content analysis approach, which involves an analysis of written statements to help identify themes pertaining to a specific topic. For the analysis, we developed a list of key themes and evaluated written responses for the presence or absence of each theme. Content analysis was considered an appropriate approach to open-ended responses because it allows researchers to also code themes that may not have already been established as key themes (Guest, MacQueen, & Namey, 2011) . Relevant codes were identified and defined by two coders. One coder analyzed the full dataset, and a subset of the open-ended content was analyzed independently by two coders to ensure consistency; codes were compared to reconcile discrepancies.
Results
Survey Respondents
A total of 168 qualified experts participated in the survey, of whom 165 provided answers to at least one open-ended question, and 104 provided answers to at least one quantitative question. Respondents represented a wide geographic range in the U.S.; diverse positions at academic, nonprofit, private, governmental, and other institutions; and both earlier and later career stages (Table 1) .
Respondents who identified their geographic region were relatively dispersed throughout the six U.S. regions. Given the relatively balanced regional distribution as well as the limited number of respondents per region, we did not explore the influence of region on responses in this study. Only 72 respondents specified their job title. We categorized these into two groups: research positions, including doctoral students, post-doctoral fellows, adjunct professors, assistant professors, associate professors, and full professors; and administrative, project coordination and/or management positions. Among the 72 respondents, 62 self-identified as researcher and 10 self-identified as administrative, project coordination and/or management position. The majority of respondents who identified their employer were from a landgrant university ("the term used to identify a public university in each state that was originally established as a land grant college of agriculture pursuant to the Morrill Act of 1862" [Womach, 2005, p. 151] ). Thus, these represent a network of U.S. educational institutions that receive federal support and work in collaboration with the USDA to advance agricultural science. Given the lack of respondents within other major employer categories, we did not explore differences between employer subgroups in this paper.
Defining Sustainable Agriculture
Respondents provided varied definitions of sustainable agriculture. The most common themes identified were related to social viability and wellbeing (included in 40% of responses), economics (40%), and the enhancement of natural resources (26%). Other themes appearing in a relatively large percentage of responses included biological diver- sity (19%), equity and justice (15%), ecology (13%), reducing environmental damage (15%), and local considerations (12%). Other less common themes, mentioned by less than 10% of respondents, included regeneration, improving efficiency, connecting consumers and producers, climate adaptation or mitigation, alternative markets, organic practices, and population growth. Theme frequencies were similar between the full group (165 respondents) and the smaller subset that included only respondents who replied to quantitative questions (104 respondents).
Topics of Importance within Sustainable Agriculture
Respondents indicated that they consider a range of topics to be important to include in USDA Requests for Applications (RFAs) for research grant proposals (Table 2) . Agroecology was ranked as very important (mean score of at least 4 out of a possible 5) by the largest percentage of respondents (44%). The majority of proposed areas received an average score of at least 3.3.
Overall perception of obstacles to sustainable agriculture research and their broader impacts
A large majority of respondents considered several obstacles to be important (Likert scale=4) or very important (Likert scale=5) in attempting to perform sustainable agriculture research ( Figure 1 ).
The obstacles substantially consisted of ingrained financial interests and a lack of research funding. Overall, fewer respondents considered obstacles such as conflicts of interest related to the private sector, lack of career stability, and lack of institutional support to be important.
Experiences with sustainable agriculture research
Respondents cited high levels of satisfaction in many areas of their work in sustainable agriculture ( Figure 2 ). Relationships were a major area of satisfaction, with most respondents indicating positive relationships with local producers (the area with the highest level of satisfaction), interest from students and others seeking mentorship (ranked second), as well as interest from local or regional community members (ranked third).
Respondents were less satisfied with other aspects of their work, including the lesser amount of interdisciplinary, farmer-driven, and communitybased research that they were able to conduct. While the reasons for this could not be gleaned from the quantitative data, the open-ended question indicated that difficulties with building relationships, institutional support, and having enough time were factors experienced as barriers, especially for community-based research. Other areas of low satisfaction were related to the lack of opportunities to engage with policymakers, the media, and the wider public. The only area where dissatisfaction was greater than satisfaction was in respondent perceived opportunities to engage with policymakers.
Experiences with obstacles in sustainable agriculture research
Respondents did not agree that a variety of hypothesized potential obstacles to sustainable agriculture research affected their work ( Figure 3 ). For 10 of 12 statements suggesting potential obstacles, few respondents agreed that they reflected actual barriers to their work. The statement that received the lowest level of agreement was, "I have experienced pressure to modify research results." However, 58% of respondents agreed (including 15% who strongly agreed) with the statement, "Sustainable agriculture research entails challenging relationships with agricultural stakeholders." Open-ended responses in this section of the survey reinforced concerns regarding lack of institutional support, challenges with funding, and external pressure to change their research agenda.
Experiences with policy engagement and the media: A closer look
To gain a better understanding of respondent experiences specifically related to policy engagement, the survey asked them to indicate the degree to which policy engagement was part of their job, and whether it was important or should be avoided. To this question, 73% of respondents considered policy engagement to be important, whereas just 26% stated that policy engagement is part of their job (n=70).
Respondents were also asked to state their degree of satisfaction with various aspects of policy engagement in their work (Figure 4) . Results indicated that a large portion of respondents was satisfied with the number of students interested in policy engagement. Many respondents were also satisfied or very satisfied with the number of colleagues interested in policy engagement and the support they receive from colleagues. Just 17% of respondents were satisfied with the amount of training they had received for policy engagement, and no respondents were very satisfied in this area. While not specified within the survey, satisfaction in terms of rewards and recognition could be interpreted in a variety of ways, including financial, acknowledgment, or career advancement. None of the respondents were very satisfied with the amount of time they had for policy engagement.
Influence of Career Stage
Our results show that career stage may influence perceptions of obstacles and opportunities involving sustainable agriculture research (Table 3) . First, earlier-career scientists (defined as those working between 0 and 10 years in the field) were more Journal of Agriculture, Food Systems, and Community Development ISSN: 2152-0801 online https://www.foodsystemsjournal.org Moeller, 2018). In the U.S., the severity of the disproportional funding is pronounced due to the declining prioritization of public funding for agricultural research in recent decades (Pardey et al., 2015) , hindering the ability of sustainable agriculture practitioners to develop and apply their research findings on a wider scale. This survey also highlighted the unique importance of independent public funding, as a large majority (87%) of respondents agreed that financial interests present important or very important obstacles to their work. Despite the need for public and independent agricultural research funding, it has been estimated that nearly one-quarter of funding at land grant universities comes from private industry, potentially discouraging research that is critical of private industries or that prioritizes advancing a broader public benefit (Food & Water Watch, 2012) .
Investing in research is a lever for the transition to agroecology, not only through the quantity of funding but also through the scope and structure of funding programs. A majority of survey respondents (61%) indicated that the insufficient duration of long-term financial support is a barrier to the complex, systems-based research required in this field. In addition, respondents largely agreed that USDA RFAs should encourage agroecology directly while also prioritizing several areas that are critical to advancing agroecology, such as research promoting broad public benefits, interdisciplinary approaches, social justice, and racial equity. It is also worth noting that a large fraction of respondents included both social and biophysical elements in their definitions of sustainable agriculture, which emphasizes the importance of transdisciplinary work as a foundation for continuing progress and defining crucial aspects of agroecology. Based on these findings, several programmatic changes could be adopted within grant programs that would better support scientists and other stakeholders working in sustainable agriculture, agroecology, and related fields.
Relationships as a Foundation for Opportunities and as Obstacles in Sustainable Agriculture
Relationships are both a positive factor in and an obstacle to sustainable agriculture research. For example, relationships were an area in which researchers felt the most satisfaction with their work, and our results indicated that there is widespread interest in sustainable agriculture and agroecology, including among students, colleagues, and other stakeholders, particularly for interdisciplinary, farmer-driven, and community-based research. On the other hand, agreement with the statement "Sustainable agriculture research entails challenging relationships with agricultural stakeholders" represented the strongest consensus of any question in our survey. Although the question did not specify further details, such challenges may involve relations with stakeholder groups, including farmers and farm organizations, industry organizations (e.g., suppliers of inputs such as fertilizers and pesticides), and other community groups.
While our study did not ask respondents to go into detail regarding challenging relationships, the survey results may imply difficult dynamics that tend to reinforce existing power structures and circumstances that are challenging to confront or alter. Such institutional dynamics were highlighted as an obstacle to agricultural change in a recent policy analysis from the United Kingdom and France (Gonzalez et al., 2018) . Similar research has noted how universities and industry have become intertwined, leading to complex relationships that often focus more on revenue generation than on pursuing research in the public interest (Glenna, Lacy, Welsh, & Biscotti, 2007; Welsh. Glenna, Lacy, & Biscotti, 2008) . More transparency and equity may help to resolve such relationship challenges (Chiles, 2018) .
Fostering Science Communication and Broader Impacts
Given the relative scarcity of public research funding as well as the presence of tenuous relationships in sustainable agriculture research, it is important that funded research is widely communicated both within and beyond academia. However, our results suggest that although many experts are interested in applying their research to inform agricultural policy and public dialogue, they report difficulties in doing so. Difficulties include lack of training and support from their institutions, indicating possible tension between scientists and their employers concerning the freedom to engage in policy. The time available to do such work was also a theme that emerged in responses to open-ended and multiplechoice questions in our survey, suggesting that incentives could be shifted such that researchers prioritize the time needed to do this work. To facilitate scientists engaging in policymaking, universities could adopt measures toward reducing the stigma surrounding policy engagement or even proactively affirm their support for affiliated researchers to engage with the policy process. Likewise, universities, research institutions, and competitive grant programs could further emphasize outreach and extension and improve training and support for media and public outreach. Effective channels of communication could help researchers share their findings to improve transparency and understanding, and to facilitate implementation and success of sustainable agricultural production systems. This is of particular importance for earliercareer researchers, who are both interested in policymaking and dissatisfied with current training opportunities and available time. In addition, earlier-career scientists are more likely to report concern about career stability, and greater training and incentives for policy engagement and communication could particularly support those in less stable career stages.
Concrete affirmations for the importance of broader impacts of sustainable agriculture are especially important in a political environment in which federal government scientists face heightened scrutiny and workloads. In a recent survey of government scientists, more than 90% of USDA scientists had noticed workforce reductions and 92% stated that such reductions made it more difficult for the agency to fulfill its science-based mission (Carter et al., 2018) . Moreover, more than one-third of USDA scientists had noticed that resources had been allocated away from work viewed as politically contentious (Carter et al., 2018) . When political interference may constrain the ability of federal scientists from communicating with policymakers, it is all the more important for researchers at universities and other independent institutions to maintain the freedom to do so.
Study Limitations
It is important to note that our study had some limitations. For example, the survey was designed to target a relatively narrow population of interest (U.S. scientists engaged in sustainable agriculture and agroecology research), and this limited the potential sample size. In terms of sampling, we used a snowball recruitment method to target this narrow population without strictly limiting the survey's reach (as an invite-only approach would have done). This approach enabled us to collect a sample of interest, but not an ideal representative random sample.
Furthermore, as with all voluntary surveys, the results of this survey are based on the responses from individuals who were both most likely to receive the survey and motivated to invest the time to complete the survey. Thus the results are subject to associated response and nonresponse errors; that is, those that chose not to complete the survey might have different perceptions than those that did complete it.
Another limitation was that our survey questions were voluntary. We chose to allow survey respondents to decide which questions to answer in an effort to encourage completion of as many questions as respondents were comfortable with. The consequence of this design was that it reduced our sample size for many of the questions, thereby limiting the scope of our analysis, particularly with respect to statistical testing for differences between groups.
Conclusions
Our survey of scientists working in the field of sustainable agriculture indicated that there is great interest and support for related topics, including agroecology. However, the survey also revealed numerous obstacles that may be limiting the advancement of research, extension, and education. These include not only the amount and scope of available research funding, but also lack of training, time, support for communicating findings outside of academic circles, as well as challenging relationships with agricultural interests holding power. Thus, encouraging and preparing researchers to share the results of their work, including through media and policy engagement, may be an important lever to enhancing the transition to a more sustainable agriculture system. Given respondents' understanding of agroecology as a transdisciplinary practice that encompasses both biophysical and social sciences, stronger support for agroecology research could enable researchers and other stakeholders to address real-world problems related to human well-being and persistent inequities in the food system.
Appendix. Original Survey Circulated Among Agroecology Experts
Thank you for participating in our anonymous survey! The survey will take about 15-20 minutes to complete. Please answer all questions as honestly and completely as possible. Answers will be kept completely anonymous and confidential.
This survey is intended for researchers or other professionals with an advanced degree (Master's or Ph.D.) and with academic or professional experience that is relevant to sustainable agricultural systems.
The goal of this survey is to collect information from researchers on their experiences securing funding and conducting research broadly related to a more sustainable agricultural system. The survey contains three sets of questions, related to: 1) securing funding for this type of work 2) researchers' satisfaction with different aspects of sustainable agriculture research and outreach; and 3) institutional challenges to sustainable agriculture research and outreach
If you have questions about the survey or its use, please contact Tali Robbins at trobbins@ucsusa.org.
1. How do you define sustainable agriculture? Your answer may be brief --a few sentences, phrases, or less.
We will use your definition to better understand how definitions of sustainable agriculture vary and to provide greater context for your responses in the following sections. ________________________________ _______________________________________________________________________________________ 
